The Equilibrium
We discussed the equilibrium in neutron star cores through this reaction (direct Urca).
Does the reaction actually occur?
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Can momentum be conserved?
If the fraction of protons equals or exceeds 1/8 the number of neutrons, momentum can be conserved. Low densities and high densities, but not nuclear densities.
Where is Urca?
What happens at nuclear densities?
Modified Urca reaction:
This last inequality is indeed true! Modified Urca is a go!
What about quark matter?
In quark matter, the quarks are relativistic (at least the ups and downs) so can occur and produce neutrinos.
Reaction rates
Fermi's Golden Rule: 
Getting the scaling! (1)
The density of states of the outgoing neutrino is and its energy is . The number of states for the outgoing proton and electron are:
The fraction of initial particles near the Fermi energy.
Getting the scaling! (2)
Let's drop all dimensionless numbers to make it easier. Direct Urca:
Quark Urca:
Getting the scaling! (3)
Modified Urca:
The Results
Photon Cooling (1)
The luminosity from the surface of a neutron star
It is this radiation that we may observe. The photons diffuse through the envelope of the star. You can define a conductivity: In astrophysics is customary to use the opacity.
Let's combine this with the hydrostatic equilibrium equation:
Combine this with the EOS and opacity.
Yields the following:
Photon Cooling (4)
Rearranging:
To keep things simple let's assume that the temperature where the electrons become degenerate is the core temperature. At this point, T F = T. On the P-P-dot diagram. Things to notice: most red dots (isolated radio pulsars): 10 11-13 G, 10 5-8 yr most PSRs in binaries have short periods Many young PSRs have high-energy emission or are AXPs (no radio and thermal x-ray)
